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(54) SEMICONDUCTOR DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To reduce a leakage 
current in an off-state and to achieve stable dielectric 
strength in a super junction semiconductor element for 
largely improving a trade-off relationship between on- 
resistance and a breakdown voltage. 
SOLUTION: On a vertical MOSFET, a dielectric strength 
structure (element peripheral part) 2 is placed between a :g 
surface and a drain layer 1 1 around a vertical drift 1 
having a first parallel pn structure, acts as a non- 
electric path region in an on-state, and is depleted in 
the off-state. The dielectric strength structure has a 
second parallel pn structure in which a vertical n-type 
region 2a and a vertical p-type region 2b are alternately 
joined. Further, an n-type region 4 and a p-type region 5 
are provided on the periphery of the second parallel pn 
structure to reduce the leakage current in the off-state. 
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1 

ts©m 2 £.mazwf&t<ftiz?ii i mmmmm&tfim t . 

T. WEIB»H'J7h«©«r3riWE»liiitll9E« 

*|6]fciHlRj-r*a^l»«Sifii«<i:8JES«©JS*^ 
Ift tlElfll-r *IB»IIS2i»«5!fB*t tSSKH 9 iILT 
«£-UTfr3m2©M?iJp n«jg£. &?g2©MJiJp nffi 

mmH-miz&mvtzmwmMmmt. mmnsmmo 
ft-miztizmistzmimnmmmt&m-rzzLtzftWit 

im#mi m&m2mnmmmtffzmn£>m®tz£r) 

z. t &&mt? zmxmi iztd.m<D¥mfcmw.. 

n& -m \z ee.m<o^m»mm:. 

CIS*J®4J fl5fE*2*«S!««(i:«^;WCS8l:L.fc«ff 

t £ fists t-r s iSsRia 1 u ^ l, 30 v >-rn*> -3® tc EtK © 

<- ©&*ypn#Bg©-8IU:l;:EB£nTU* 

-r*BI#J5l4K:E-«©*MMt:£B. 
[s£*Si6} S9EM?Up nttiS©3lla*«S!®«*5<fcl*Sfi2 30 

?zm3mifc\>*Ls<n\,^nfr-m\z&&<D*m&m 

e 

^>ifi*ii i &n l 7 ca^rn*— eke*©**** 

o 

ais©se 2 i®ffltc^B£3nfc:m i mmm<Di&ts.tjim 

ft9Effi14BS£fi9EfilaJi£©KHC^-€E-r*«[^ H 'J 
7Kffl£fc#L. tt*» K 'J 7 H «**1WES«0>JP*:* 

MeNE»HU7 h»©H9TMEJSl£H£ffflEfc«tfi 5« 



2 

jg£©p B i»c^ffiL. mi®msj£m2«ms©^iiE%© 
Efibfcmi*ms»«£. giOTSflMoftnciEff 

B. 

IffiMmi 0] fflB£2««£!Mtt#f£li»«£«*k:j: 

m 9 tEt© ¥3$#:£B. 
[SUR^l 1] ME£l*«£MH*jP8ffiftfftt4>T:& 

9 i o ©n-rn^-^irE«©¥#^ 

SB. 

m«9(l 2] MES2«ttfifHtt£«ft*)C»RLfc 

c£&!itia£-r-S)ii^9 7S^L i i©^-rn^-a«c 

Ett©¥3*fl:8B. 

ffitt««©-»±KEBbrir»a z. t *4#»i-r*ni# 

Jg 1 2 CfEtcOff^gl. 
[0 0 0 1] 

[5S?Jl©JI-f £t£fl5#8J] MOSFET (ffii^y- 

h h7>-^^i, igbt K ^/N'-f * 

Jff^^-f K«S©SKi3lt^-lCiifflBl8gTiaii]Efb£ 
[0 0 0 2] 

Ta>*NHHT**. ll<Z>IBSBlOSFETtt, W©FH> 
1 8 #f*«»tt n+FH>ill© 

«14tH'J7Ml 2£fctt*ftfcSffi±tcy-h«S 
SRI 5«r^LTRtte>nfc#U5/'J3>«K0y-h« 
iil6t» n+V-X««14aVp+3>#?H8 
ttl 9©3R*«ffit»«»tt"r*V-X««ll 7t* 

[0003] c<D£otem.mm?iz&^T. &tm<on 

-HH> - H'J7Hl 2 CDgMH*, M0SFET*^5j->tR 
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£o CKDiStSJaODn- HK> - HU7M12 <£J¥S 

(ttSEJSftft) £SI< («<) tiutll *>tt»T 
tt K U 7 h»tri^«<tt«><OTM0SFET(O*K»a:*>fi 
tt (HK>-V-X1K) ftTtf*»*KJB*«*t>a> 
CD. *7tt!8TttP^-X(B8 1 3 in- H K> • KU 
7hll2 £<Dia<Dpnt&£fr K U^f >-^<- 

fiTLTL^e). i£JC, n-HK> - KU7M12 
*JP< *BffiftSrH-B^t2&«T#*75«, £ 

fcO. rfcta 

:©H/-H*7WHIt HU7M6» 
OIGBT, A*f#— ^ h^>^X^, J^-f*— 

^coras^ t>*cKU7 hffiss^ffin^^iR] 

[0 0 0 4] ^©RHJCW-TSWftffitbT, 8SFU 

8MMS«*«, EP0053854. USP5216275, USP5438215, «r 
H 5 P9-2663]l^4i«45<k^1#5H¥l0-223896^4i?8«:i: 
lC*^TJ5!StlTHS. B10U, USP52 16275 HISS 
SnfcKSMO S F E TO-fl*itSrIHtf*5. EI 30 

KW2 2#— n-iJMSUi (^MttffilKJI) 

««»tt<&pS<Ott«J««2 2 bi^SfCjfciOilLT 

»L» «B»np^I«13, 13 0«?X^«88 
<Z)PJtCnS©HU7 h«Kffi«c2 2 art*»»l/TH*. 
F U-f > • KU7KI22 0!)tt7JpnWifi0!)7M4feMUI^ 
BKTfc, *7tt«TttttMpn*ifi©«*|pllcEipj-r* 40 
«-pn«-fr*> 6 ffl£Ji#*©#fc&fa;K:£K:«;» U KU7 
hSB2 2±#^fflJl^Sft"r*fc». WWffift*H« 

-Ttch^tc. *7tt»Ttt^£fk-r*MWpn«Jfi(Z)KU 
OW2 2S«A*¥«ft:3r3 1 S, etT«CjB«^*»# 

[0 0 0 5] 



4 

H(2nSI) h y/tflWgE^pffl^JPiSS 

tl^dttc^^o :o<fcf>&«^ *^fll*W0££Ji 
76^»^«©pffl««fciijab3tti^ck5tc, S^/lcop^- 

SOWS*, »ffi*3cttffcS*T^*. fcWtf, JR^ 
J8»fflHwPS««<hnffl««£a* e>nt43£9Jpn)iSEB-r 

^— XWWfcftttTSffiWpnJBCDpfflatt^g 1 ^*^^ 
hy/t«*©pffl««lc»«UTb$'5&«). JWimflS 

[0 0 0 6] 

2±H«^»tiEsnfc«i*«s<offifia:Jii, wssfs 
1 »«s}««tmE*«oj»*36riPitcEiRi-r* 

«lG>afc#lp n«ig£*«**¥«*««K;fe^T. mlf5 
mm K U 7 hgBO/i 0 T»fi*l£ffi£iME(£«ffiJi fc 
OHtr^ffiTSBlE«ifiBB7&^ «JE»«<!!>l»**rt»cE 
mt*5*»»l*«ffl««tWE*«©0**l&J^ElRl 
t"^«»*2W«S««i:*2ZStC*OiiLT«'&L/T 
3tt*JB2«)afc5«p n^igch, RJB2 0M3*JpnfltiB0ft 
«KE«Ufc*lW«ffi!«#£* *1W«SI««©^«^ 
gBgUfeS2#m^M^<h^#-r^)t>cDi:t-^) < , !fS2a»S 
ffi«H«**SBl J: 0 JB 2 O^Jpn«l]fia)S2» 

S^^^Jpnffiig^T^«C^$nr^^>ffi;J£JT:S 
[0 0 0 7 ] ff2**»1H4tj:ffi9Upn«IS^«29«Sl« 

«^ttWpn*jfi©T*lc»j«aftTif^*«»K»tai« 

*. *2»«ffla«fc«»wir»«Lfc««^ia»iRs 
u < ttnmtimmm&iHsT'pu < t fcS2^M^jp 

»««^ja<OfB2*«S««*iJST-5Ci^^OT, W 
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[0 0 0 8] m2<£&^Jpn$ilOpn|gD3ILb:*y^ 

fT(CEfi;*nT^£ "T£o ¥SW»CXh^<yt^ 
ffiTfc¥fTT*^Tfcci;<, *2»«S!*«<2:*2<&»$i' 

[0 0 0 9] fgl£3!2cD£S<h, *lt*20iffiW»Cffi 

pn«ifionfl0JlEIBbfc*l»«St*2*tta!O^«i«l 

L&*2Wffl«*££*U »2««S!««^SB1**S 
[0 0 10] COig'&tCiJ^Tfc, *23>«S««tfii 

[0 0 1 1 ] 

[sijs«i] am ^BMommmsFiKD^^y^ffk 30 

W — H U >^ 3 Xtf **W3G>pS!»« 
^IT^, B2H H 1 *OA-Aj»JC»^T«JWfU 
fc«#£^TWrSiaT*£>. B3H HI 1 ^CQB-BSl 

t*;i/«|gMOSFETIl Ii©HK>tSl 8*« 

^^hJl) 1 10D±*C»J5!t$nfcjBlOffi9Jpn«lifia) 
KK> - K 1 J 7 h BUI t » CWFU7h»iro*ffift 40 

fc^««lS»«c7)p^-Xfifi« (p*x;» 13<h, ^ 
hiSlUt, JMiBlftR2 2tzmt1t3>*{? hH 

icn + v— 4#«<»jssftT**D. 21M so 



6 

KMOS»**WEl/Tt>S. 

[0012] COKK> - n + Fl/ 

Oil lCO-y-^X hU-h<OJilwnS^Xfcf^ + v^ 

«1 a £S«<&«*#fi£JBtt*B»<& P £!tt«J««l b t 

tt, nSOHU7ht»*«laB. BSitSp^X 

KitU ^0TWn + FK>I 1 llCflEUT^ft. 
Sfc. pS!<0{t«J««lbU;. *©±ilW«p 

1 3o^x;i/M^gR^^<^x;nstit*b, t©T«*« 

n + KK>ll 1 «CttLT^£>. *fl«JttBiffi^6 0 0 

^n-en(D^ai^ias«3. oxioiscm-3 

[0 0 13] Bii:StJ:5i:, 3^ Affile iffctfJtc: 
fi»*HU7h»l©»!)T, »*Mfcn + HK> 

«$tiTt^. £<D»EE«ifi»6tt, SffiOiP^* 
lRl«cErtl'r*Jl ! ROlB»na!««2a fc. 
Ift»cEfiT4II«OlB«pSa««2b t«2«S^lt0g 
UT*if^lt«IB2©tyiJpn«I2i:&-pT^ 
^>o K'J7 hSE lOSl <D3fc?Upn«ifi<i: »J£«fjiSP 6 
0>*2<&afc«pn«jfi2 £li¥fTK:E«;£ftT^*. HP 
F'J7 hgBlGDSlc&&^Jpn«igOJIH£I*JE^ 
ifiW6(D*2(Dafe^Jp n«ifi2 tttJiffi^tt^fTU, J ^ 

n»0iIL#ai«LT^*. H 2 tC*Vf J: o \Z. mi£ffi 
ifi8B6(D*2<oag^Jp nfltig2 fC*3^S P n lit 0)1 US 
E <h K »J V h SB 1 <Z> m 1 OM^iJ p n «tifi tc is tt £ P n Wk 

(Dg!2 0>>fc?Up nffiI2 icfctt* p nHOiilxtf^^tt 
HU -7 hffil <B»1 OM^Jp n«ifitc;fett*p ntiOiB 
Ltf v^<hfs]i;T^0, p^— X»« 1 30^x;i/SS3B 
il (02 tC ^JlTST) Hfi K 'J V hffi 1 1 <&ffi#l P 
n#*ilT»9. P^— 3 <O^SSI5^IBJE« 
jfiffl6(0*2(&^Jpn*liB2T*a. C<Dtz&. KU 
7 MfBl CDfll <03fc?iJp niatiS*iS»6O*20 

£ftfc<0fca&K:. (»RftKXtt«>'U*^57 l (PS 
G) ^e^^JP^SikiK (I6IKIR) 2 0^ISnw 
^„ »0E«iiW6<O^ffl!JJcH S^/5^^tCEl6]b 
tfc«WJ»^H»OnS!ftS«4*«E«anT^S. -^n 
S««4 ttpS«« 5^LTFH >mi£ trattfi[<7) 
Jl»««2 1 »c«ftWfC«ttbT^iS, nS»«4*«H 
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[0 0 1 4] p^C-Xfig^l 3<DlteSr^$3. 0 Mm, 

»ffl*tt*MBS 37 Ox 1017cm- 3, n+V-Xffi«l 

4©tt«jS8$i. o um. oxio 

20cm- 3, d+HK>11 1 <D^t&WlWk&2 . 0X10 
18cm- 3, HS3 0 0Mm, BftMpStttt5 OffifltS 
$3. 0 Mm, S®^M4*3*8S 3 . 0xi017cm-3, 
*WS8BnS!««4<0«5 0. 0 Mm (SfflT£><g2 0M 
m) ^*E«|B«6. 0 x 1 0 15cm- 3T*S 0 & 

St. n^^*;WS!MOSFETtt*>tt!Bt3ti:0. ^ 

- bmmm 1 6 stco p 1 3 ©an^Ries 

(na»BFU7H» Ual:tT*ltA*n, * 
oaAStLfetW K U 7 KmSS^SSl a 6iIoTn + 
KH >B1 1 KSU HK>«ffil8iV-7tI 

1 7 t©iB**#a-r*. 

[0 0 15] y-MIll 6^iEOlfi^D^ 20 
t, MOS FETtt*7tt88t3ttO, p^-7,^13 

ty-xta 1 7 t<oRM*a«-r*. 11- d©*^ 

SI<Z>PS, iSA>fTX«JE (V— * • KK>HfE) *« 
*#Ht* p^-XSSlSiftWSSlaai:© 
BO P n 6 1 tifft p 1 3WtW 
ftttl aaKffl£BjW«UTffi£fcT*t#K. KU 
7 KJB 1 ©fttt«««l b 14 p ^-A«« 1 3^LT 
V—JMMl 7 IC*»U KU7h»l©*l« 
'J7MBI«lattn+HK>il lt^bTKl/ 30 
<>«Bl 8fc«SKMK«ttLT^*fc», tt«)««l 
bt HU7 htt&flBttl a tCDlBOp n»^6©ffiZ 
«#ttffl««l btH>J7 httESffittl a (D^tCl£5i"r 
HU7hail^W^^). ^oT, KU 
7 hSB 1 ©»BEEft*H-#««SttT^*G>T?. K U 7 

fST#S e 

[0 0 16] ddT, *WO H U 7 hJffil (OmOOmEE 

CI COfg 2 00^J p n ffiii 2 (D*T?»t3*><Z> p S!ffitt2 b 40 
tt, p^-7i*l 36^LTV-7M1 7l:««» 
KftttU $fe#nfi«82attn + HK>Il 16 

SflE«iia6<Opn«^61£aU&ffl2liJCckoT, 

Waffl 6 t**«fDT*» *BEE*:««TS 

So *ft«, B«ft¥W*»^<0SBi£fc*:*ST* 50 
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So 

[0017] mz. mmmm»6\zmzM- 

B£E«affi6 0)S]BfltcaKU7hai«A0Btr 

&o\z§,m<Dx>mo>n- ku >^3^i6gnTir>s. 

C<DjJ°— K U >^3 ttMEim 6(DS2 <D36^J pn« 
it 2 <D#K£> P 2 b S«»ttH»«"r S fcCDTifc 
So tlT> CO*f-HU>y3 0^F*E«»««pS» 
*2 bO^MtoBfl^fcOfcKl*. y-h*V-Xfc->3 
-hU KU-f >«iiSiE^JB*T^< t, HU7H8 
l©3fcJUpn«ia**ffi£ftr«t*fc:, K'J7h»l* 
&Bffitta«6^t£2«*«i£«-rs. CCT, *f-F 
U>^3 3&«*^«^ IE«iS6(D»2a)ttNpntR 
ii20-5*», — SB^p-^— 3«cB»»ttUT^ 

-A*** p ^-XBtt 1 3 iCB&ttlft L/T^tt^ x #faT 

SttffltBffi*a»«IKDatWpna©pn» 

[0 0 18] — M^p^— ^fB« 

1 3£Blftffettl,T»tt»p9«tt2 b (B£«aflS6 
^)xj» 14^/- F U >^3 ^^IT^Wp 
«1 3*CiB»»&LTl>*pS3««2 b (Bffi«ffl»6 

S £ t*«T?*a. H U >y 3 KJ;*BJEi«att 

MMp n«a<i!>«lCB«3tt<KB-T**i3C)-C» JSBEEft 
t*JCffi«trtft*«pIBT**. 

[0019] *«TI4*fe, K U >^ 3 (OTMilMI 
**pi «« 2 b 0^«»iSct 0W<&oTWfc 
p^m^2 b<0£2{tt#fc:. #-F»J>if3t>ffl 
£fl:UTi$ffi'J >4ft UTftUB L&< teS t^5 dttt 
ttn. IEiiB60)pnlQXLMIil^KU7hSl 
©pnHOaL/*ffifc«l*LT^*&ae), I4/E#Ji§g&6 
©£2fl:»tt*^. Sot, KU7h»l»C»l©at5U 

if 0 OiEiifiB 6 <Z)BE*<B 2 CDM^'J p n «a 2 IZ J: 
oT+^JC«iiE^nsc:t{C^S^:i6. KU7h»l© 
BlC!>aK9UpnBaoaafl:«s«AT« 

[0 0 2 0] #«"Ctt*fc, »nB©pffl«*5taWp 
nBOpSa««2 bi*«*«UT^*«*(B2. 8K*^ 

**SfcWp nlO)pS!fl«2 b l:*«!l/T^5Bft) , 
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S«**at^Jp nScDiK*rS3(x^f6]){Cj£^056«)^>. cico 
Nf, ££fbL&^afcWp niOpS««2b(!:*nHOp 

U^^o — »*«<0pffl1W*5i*^W*ffl (BJE 
*lifi«) OM^Jp nJB<0p5!«**2 btfe^KT SnS!« 

[0 0 2 1 ] ZZIZ* pS««5«C»Stt"r*Al-Si. Alft 

m«itffi(0»2(Oafe3HJp n«ii2(0/i±tCiBKStlT^ 
ntf, nS!««4^J:0»«snfcpffl««5tt, HH 

CSJA«9 0 0V^77X(^«^ 60. 0 ymigt 

[0 0 2 2 ] [fHS£0i]2] El 4, 5te, *3E 9! 30 
2 (iflR^MEJgMOS FETtr^tt^^^y^BfBHT* 
S. 134 tt. Hl*OA-Al»»C»oT«*fL/fc»»»C 
*83U B2Kl**Jt>LTH*. H5fl Ell+OB-B 

* bum & \z m&L s nt i * £ * * • sso 

«ffii»Hc»l££njfcnffl««4 all x, y ^[^]<h t>3£?"Jp 

««4 a L&ttft«. KK>ttt*«»t4 

[0 0 2 3] [HSfifiBJ 3 ] *«K0D*j!ffi« 3 \Z 

S F E TIZ&ttZ* y ^Sr^TSMSBT:*- 

6 tC K U 7 hffi 1 <7>M*iJpntgit£>t: ^<k 0 
h9-fy«a>JB2C!)JtJ«P n«jg2*E«Ufc« 
HU7h»l OMWp n«Jfi»c»UWJE«iS 
SB6cD^2^il£^Jp ntgig2 £¥fTlCE«UT^*. K 

»6C!)J(S2a>atWpn»IJS2©bfy5 L «:«<-r*Ci^«fc 50 
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«2b(OW43. Oum, T«««K3. 0 X 1 0 14cm 

[0 0 2 4] [fUSStftj 4 ] Bl 7 tt, #58g§<0*8S« 4 H 
«SJBE»MO S F E T iZ&Vf&^-y ^^TetSSBT^ 

4 LftftB**tB»¥BHT*5. 
H7I1 Hli:»Kl/T^5. B7te, B6G>SE»0JT* 
0, B6t»a*jftttWEE«ifi8S6 0^h7-f ^tt©* 
2(DM^Jp n*iS2#KU:7h«Bl<0* h7-ry#c<E>a£ 
?Up n«3g{C^USfitcEfiSnT^^*T*^. WEE 
^ig^ 6 GDIS 2 036?iJp Dii&^illl F U 7 KSB 1 

l^-ftlTfciK* «n«BROpS!««5^ nS««4«C 
cfc^T, fg2<7)3£$% n«it2©pS««2 b^6»K3 

[oo25] mmm si asu *5sw©hje« s tc 
»cr)g L yy*4«»ufeftBB**"raR»¥ffiH , r»*. 

ill:»JSbT^5o B8I4, BllEflJififfl 6 **p 
B) 2A^5&5ift"C*S, nS^Wtttpffl^FW*** 

fc^lSiainH (i») iiUT^-T^o 34*5, HIB^«n 
nJ5cOpSffi«5€:»at-r*nfflflS«4*«3i<Tfc. »n 

iniJciiiinasMStt^flESftTb*^. ^n^^., 

fit«*H OnS«« 4 iCcfc o T»^«©pffl«** 5 

MOSFETTMlJt^ #^teIGBT 
SMOSFET) . AW#-7h7>yX^)a£©3a 

\t^<D2%%?<D%mm : T'\zbmmT'Zz>h<D 

[0 0 2 6] 

h 0 0)HE«ifi8B«^J P n «»i:-r« t^iC 
«^HBS»c»a$n*pSI*«tiHffi«3tW<oafeMp 
ififl!)pffiHW«tft»«ir*n5!««tSffi5»Jp n«ifia>^ 



(7) 



$#53 2 002-280555 



11 

[01] *5698<Z)J«fi«l«C«*«IE»MOSFET^ 

[02] HI *©A-A»JC»oT«WrUfcttl8«:*-r 

[0 3] Bl+©B-B*Mc»oT«»fLfcttlS*«T 
0rffi0T<&3, 
[0 4] *»9i<0*lfi«2fC«*tB»MOSFETT> 

0 1 +(^a- A»tc»-pT«iwf u&»»«cffia-r«>WB 

0TS>^o 

[0 5] #^<2^£0iJ 2 tCGS£*S£^MOS FETT, 
Hl*©B-BWc»-3T«»fUfc«»JC«ai-r*WIB 
0T£>3o 

[0 6] ^Bjco^Jg^JStC^^jaf^MOSFETCD^ 1 
[0 7] 4 {Z&tZfSLMMOSFETCDr 

[0 8] *95MO*lB«5tC«Sa«MOSFET<D^ 

[09] a^cm-aimffliDHUThJitwoiK^Mo 

S F E T^^gE»ffiffi0Tfc^. 
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12 

* [01 0] tt*0tt&lp nffiifi<OF»J7 hHSJtotSE^ 
MO S F E T£^T SB#8fr@0Tfc*o 

1 H'J7hB (miOM^Jpn^iB) 

1 a nIFU7htRM« 
lb p^tt^jmS 

2 «2<Z)ffi*lpnttiB 
2a nfiii 

2 b vmm®. 

5 pasa 

6 »JE«fiiBB 

I a a^-v^UfiME 

II n + HW>l 

13 B^lfclfciBawp^-x®* (pr>x;u) 

14 n + 
p +n>^ 



1 5 
1 6 
1 7 
1 8 

1 9 

2 0 
2 1 



[0 1] 



[0 9] 





6 Eternise* 



(8) 



*#gg 2002-280555 





(9) 



^69 2 002-280555 



[13 5] 




2b 2cl 



[0 6] 



[0 7] 





(10) 



4*63 2 002-280555 



[010] 



p"/n" 




2A 



t 



1 

- !a 
lb 
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(72)3691* it 

»«jii»jii«ifriii«KBaja3RBa i#it 



(72) 



(72) 3BW# 



n^mmmmnmKmmmm i # i ^ 

W^Jil*|ilKmiH«Kfflifl«lf ffl 1S1^ 



